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Slot Cycle Assignment Within a Communication System 



Field of the Invention 

5 

The present invention relates generally to communication systems and in 
particular, to a method and apparatus for assigning a slot-cycle within a 
communication system. 

10 Background of the Invention 

Many conventional receivers, when operating in "idle" mode, "wake up" 
periodically to determine if any messages (pages) are scheduled to be transmitted 
to the receiver. If no messages are scheduled, the receiver will power down in 

15 order to extend the battery life of the receiver. One such communication system 
currently being developed with such power- saving capabilities is the next 
generation Code-Division Multiple-Access (CDMA) cellular communication 
system, more commonly referred to as cdma2000, or IS-2000. As illustrated in 
FIG. 1, cdma2000 utilizes a plurality of 20 millisecond (ms) synchronous frames 

20 102 (shown as F 0 , Fi, F 2 , . . . , F K ). Frames 102 are transmitted during a 
periodically occurring time span corresponding to a transmission cycle which has 
a predetermined duration (e.g., 16*0.080*2 N seconds, where N is zero or a 
positive integer). These frames are grouped together into a slot containing four 
frames. A mobile station within a cdma2000 system is assigned a particular slot in 

25 which all unsolicited messages for the particular mobile station are to be 
transmitted. A mobile station operating as such is said to be operating in a 
"slotted mode." Slotted mode operation allows a cdma2000 mobile station to 
power up for a single assigned paging slot every 1.28*2 N seconds. 

In order to further conserve power, all addresses for mobile stations that 

30 are to receive messages during a particular slot are broadcast prior to broadcasting 
page data. If a mobile station's address is not broadcast, the mobile station can 
power down for the remainder of the slot. FIG. 2 shows slot 200 having four 
frames. As shown, a first portion 201 of slot 200 contains address information for 
all mobile stations that have page data within slot 200. A particular mobile station 

35 assigned to slot 200 will awake during the transmission time for slot 200. The 
mobile station will receive the first frame, and if the mobile station's address is 
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not contained within the first portion 201 of slot 200, the mobile station will 
power down prior to receiving the rest of slot 200. After a period of time, the 
mobile will power up again and repeat the process. 

Recently it has been proposed to add dispatch capabilities to the cdma2000 
5 system. Unlike the interconnect services provided by today's cellular systems, 
dispatch services have been traditionally provided by two-way radio systems. 
Such services allow a user to communicate in ways that are difficult or costly 
using today's cellular systems. The dispatch group call service, for example, 
enables a user to communicate with a group of people simultaneously and 
10 instantaneously, usually just by depressing a push-to-talk (PTT) button. Using a 
cellular system, such a call could not occur instantaneously since either telephone 
numbers would need to be dialed for a three-way call or arrangements would need 
to be made to setup a conference call. 

Likewise, the dispatch individual call service enables a user to 
15 communicate with another user quickly and spontaneously. This feature is ideal 
for two people who are working together but are unable to speak with one another 
directly such as two people working in concert but in different parts of a building. 
Where a wireless telephone call is more appropriate for a conversation, short 
messages between two people as they work are better facilitated by the dispatch 
20 individual call service. 

A problem encountered when dispatch capabilities are added to a system 
capable of slotted mode operation is that the minimum slot cycle duration 
typically used for standard calls is unacceptably long for those remote units 
operating in dispatch mode. More particularly, because the minimum slot cycle 
25 duration is 1.28 seconds, there is on average a 640ms delay when paging the 
mobile. Although this 640ms delay is acceptable for a typical interconnect voice 
call, it is not acceptable for dispatch services which rely on a very fast connection 
being made to the called party. 

Because of this, a need exists for a method and apparatus for assigning a 
30 slot cycle that reduces the time it takes to make a dispatch call. 
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Brief Description of the Drawings 

FIG. 1 and FIG. 2 illustrate a prior-art transmission scheme for cdma2000. 

FIG. 3 is a block diagram of a communication system in accordance with 
5 the preferred embodiment of the present invention. 

FIG. 4 illustrates a slot cycle in accordance with the preferred embodiment 
of the present invention. 

FIG. 5 is a flow chart showing operation of the communication system of 
FIG. 3 in accordance with the preferred embodiment of the present invention. 
10 FIG. 6 is a block diagram of a remote unit in accordance with the preferred 

embodiment of the present invention. 

FIG. 7 is a flow chart showing operation of the remote unit of FIG. 6 in 
accordance with the preferred embodiment of the present invention. 

15 

Detailed Description of the Drawings 

To address the need for a dispatch mobile to more quickly make a call, in 
the preferred embodiment of the present invention those remote units operating in 

20 a dispatch mode will receive a first slot cycle, while those remote units not 
operating in a dispatch mode will receive a second slot cycle, while those remote 
units operating in both dispatch and interconnect mode will receive both the first 
slot cycle and the second slot cycle. Because shorter slot cycles are utilized for 
remote units operating in dispatch mode, the time it takes to make a dispatch call 

25 is greatly reduced. Additionally the slot cycle typically used for standard calls 
(i.e., second slot cycle) remains unchanged, maintaining battery life in that mode 
of operation. 

The present invention encompasses a method for assigning a slot cycle 
within a communication system. The method comprising the steps of determining 
30 a first slot cycle for a first plurality of remote units, and determining a second slot 
cycle for a second plurality of remote units. The first slot cycle is assigned to the 
first plurality of remote units and the second slot cycle is assigned to the second 
plurality of remote units. 

The present invention additionally encompasses a method comprising the 
35 steps of determining a mode of operation, receiving a first slot cycle, receiving a 
second slot cycle, and using the first slot cycle when operating in a first mode of 
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operation otherwise using the second slot cycle when operating in a second mode 
of operation. 

The present invention additionally encompasses an apparatus comprising 
first transmission circuitry having as an input, a first slot cycle, the first 
5 transmission circuitry broadcasting the first slot cycle to a first plurality of remote 
units utilizing a first mode of operation, and second transmission circuitry having 
as an input, a second slot cycle, the second transmission circuitry broadcasting the 
second slot cycle to a second plurality of remote units utilizing a second mode of 
operation. 

10 The present invention additionally encompasses an apparatus comprising a 

receiver receiving a first and a second slot cycle, and logic circuitry coupled to the 
receiver, the logic circuitry determining a mode of operation and utilizes the first 
slot cycle when operating in a first mode of operation, otherwise utilizes the 
second slot cycle when operating in a second mode of operation. 

15 FIG. 3 illustrates a wireless communication system in accordance with the 

preferred embodiment of the present invention. In the preferred embodiment of 
the present invention, communication system 300 utilizes a Code Division 
Multiple Access (CDMA) system protocol as described in Cellular System 
Remote unit-Base Station Compatibility Standard of the Electronic Industry 

20 Association/Telecommunications Industry Association Interim Standard 2000 
(IS2000), which is incorporated by reference herein. (EIA/TIA can be contacted 
at 2001 Pennsylvania Ave. NW Washington DC 20006). In alternate 
embodiments communication system 300 may utilize other cellular 
communication system protocols such as but not limited to the Global System for 

25 Mobile Communications (GSM) protocol, IS-136, IS-95, IS-833. 

Communication system 300 includes base station 301, and remote (or 
mobile) units 302-308. Base station 301 includes paging channel circuitry 315 for 
broadcasting information via a paging channel 316. For illustration purposes, 
remote units 303, 305, and 307 are capable of both dispatch and interconnect 

30 operation and are operating in a "dispatch aware" mode awaiting dispatch calls, 
while remote units 302, 304, 306, and 308 are incapable of receiving dispatch 
calls. In the preferred embodiment of the present invention remote units 302, 304, 
306 and 308 may be units without dispatch capabilities or simply may be dispatch 
capable units operating in a purely non-dispatch mode. In the preferred 

35 embodiment of the present invention, all network elements are available from 
Motorola, Inc. (Motorola Inc. is located at 1301 East Algonquin Road, 
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Schaumburg, IL 60196). It is contemplated that base station 301 and remote units 
302-308 within communication system 300 are configured in well known manners 
with processors, memories, instruction sets, and the like, which function in any 
suitable manner to perform the function set forth herein. 
5 Operation of communication system 300 occurs as follows: Remote units 

within communication system 300 continuously receive a maximum slot cycle 
along with other configuration parameters sent out on a paging channel 316, 
commonly referred to as a Paging Channel (PCH) or Forward Common Control 
Channel (F-CCCH) 316. After receiving the maximum slot cycle parameter, 

10 along with other information, the remote unit will compute and store a preferred 
slot cycle, and will register with the system this preferred slot cycle. This 
preferred value is stored by the system as the slot cycle to be used when sending 
unsolicited messages to this particular remote unit. In order to ensure that stored 
configuration parameter values are always up-to-date after idle handoffs, current 

15 cdma2000 procedures require that a mobile station always wake up for Paging 
Channel transmissions 316 following an idle handoff, as described in section 
2.6.2.1.4.2 of TR45.5.2.3.SIG/98. 12.01.02. In the preferred embodiment of the 
present invention those remote units capable of operating in a dispatch mode will 
receive both a first slot cycle (for use with the dispatch mode of operation) and a 

20 second slot cycle (for use in non-dispatch mode), while those remote units not 
capable of operating in a dispatch mode will receive only a second slot cycle. 

Because shorter slot cycles are utilized for remote units operating in 
dispatch mode, the time it takes to make a dispatch call is greatly reduced. 
Additionally the minimum slot cycle duration typically used for standard calls 

25 remains unchanged, greatly conserving battery life in those units without dispatch 
capability and those with dispatch capability which are not in dispatch mode. 

Slot cycles are illustrated for both dispatch mode and non-dispatch mode 
remote units in FIG. 4. Shown in FIG. 4 is a plurality of slots 402. As discussed 
above, each slot cycle comprises a plurality of slots 402 that are transmitted 

30 during a periodically occurring time span corresponding to a transmission cycle 
which has a predetermined duration (e.g., 0.08*N seconds, where N is the slot 
cycle duration in slots). In the preferred embodiment of the present invention the 
slot cycle (N) is an integer ranging from 1 to 16. 

Once a remote unit receives its maximum slot cycle, it will determine an 

35 appropriate slot cycle (no greater than the maximum) and power up during at least 
a portion of the slot cycle to determine if its address is included in the slot. If a 



6 



mobile station's address is not broadcast, the mobile station can power down for 
the remainder of the slot and remain powered down until the next possible slot in 
which it can receive a message, which is the lesser of the current slot cycle less 1 
slot or the time until the next slot from the other slot cycle. After this duration, 
5 the mobile will power up again and repeat the process. If the mobile station's 
address is included in the slot, it will receive and process the message as expected, 
as described, for example, in TIA/EIA/IS-2000.5-A, section 2.6.2.3. 

A further mechanism to conserve power also exists in the cdma2000 
system. As shown in FIG. 4, the "Quick Paging Channel" (QPCH), provides a 

10 positive indication to a mobile station that an unsolicited message is scheduled to 
arrive in the next paging slot. The QPCH slot is broadcast 0.100 seconds in 
advance of the paging slot it represents, giving the mobile station ample time to 
determine that it must indeed receive the paging channel. When the QPCH 
indication is determined to be negative, the mobile station can stop receiving until 

15 the next scheduled slot. If the QPCH indication is not determined to be negative, 
the mobile station will continue and receive the paging channel message in the 
corresponding slot. The QPCH is unaware of the nature of the message intended 
for the remote unit, but rather is aware only of the presence or absence of such a 
message. Since the operating rate of the QPCH is similar to the paging channel, 

20 maintaining the same slot rate (i.e., one slot every 0.08 seconds) allows this 
invention to work with the QPCH mechanism, further improving battery life 
savings for dispatch mode 1 . 

In the preferred embodiment of the present invention those remote units 
that are operating in dispatch mode (e.g., remote units 303, 305, and 307) will 

25 operate utilizing both a first slot cycle (e.g., K) and a second slot cycle (e.g., X). 
Therefore, in accordance with the preferred embodiment of the present invention 
each remote unit operating in dispatch mode will awake every 0.08*K seconds as 
well as every 0.08*X seconds. When the 0.08*K seconds and 0.08*X seconds 
represent the same slot, the remote unit will process both kinds of messages (i.e., 

30 those that would arrive during the first slot cycle as well as those that would arrive 
during the second slot cycle). Additionally, those remote units not operating in 
dispatch mode (e.g., remote units 302, 304, 306, and 308) will operate utilizing 
only a second slot cycle (e.g., X), awaking every 0.08*X seconds. 

FIG. 5 is a flow chart showing operation of the communication system of 

35 FIG. 3 in accordance with the preferred embodiment of the present invention. The 
logic flow begins at step 501 where all remote units periodically monitor for 
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configuration parameters sent out on a paging channel. In particular, paging 
channel circuitry 315 receives maximum slot cycles and continuously broadcasts 
the slot cycles along with other configuration parameters via paging channel 316. 
In order to ensure that stored configuration parameter values are always up-to-date 
5 after idle handoffs, current cdma2000 procedures require that a mobile station 
always wake up for the regular Paging Channel following an idle handoff. In the 
preferred embodiment of the present invention two messages are periodically 
broadcast from base station 301 via paging channel circuitry 315. The first 
message, broadcast by first paging channel circuitry is a dispatch system 

10 parameter message. This message contains a first maximum slot cycle for 
utilization by remote units operating in dispatch mode. The second message 
broadcast by second paging channel circuitry (which may utilize the same 
circuitry as the first paging channel) is a system parameter message as described 
in TIA/EIA/IS-2000.5-A, section 3.7.2.3.2.1. "System Parameters Message". This 

15 message contains a second maximum slot cycle for utilization by remote units not 
operating in dispatch mode. 

Continuing, at step 502, base station 301 determines a first and a second 
maximum slot cycle and broadcasts the first and the second slot cycle via a paging 
channel. As discussed above, the first slot cycle is to be utilized by those remote 

20 units operating in a dispatch mode, while the second slot cycle is to be utilized by 
those remote units operating in a non-dispatch mode. At step 503 a first plurality 
of remote units operating in dispatch mode receive the dispatch system parameter 
message and begin operating in slotted-mode operation utilizing a slot cycle no 
greater than the first maximum slot cycle. At step 505 a second plurality of 

25 remote units not operating in dispatch mode receive the system parameter 
message and begin operating in slotted-mode operation utilizing a second slot 
cycle no greater than the second maximum slot cycle. 

Because shorter slot cycles are utilized for remote units operating in 
dispatch mode, the time it takes to make a dispatch call is greatly reduced. 

30 Although remote units operating in dispatch mode awake more frequently, the 
minimum slot cycle duration typically used for standard calls remains unchanged, 
greatly conserving battery life for non-dispatch mode remote units. 

FIG. 6 is a block diagram of remote unit 600 in accordance with the 
preferred embodiment of the present invention. As shown, remote unit 600 

35 comprises transceiver circuitry 601 and logic circuitry 602. In the preferred 
embodiment of the present invention transceiver circuitry 601 is standard 



transceiver circuitry known in the art, and may or may not be capable of operating 
in dispatch mode. Logic circuitry 602 serves to determine the appropriate slot 
cycle and periodically awake transceiver circuitry 601 during slotted-mode 
operation. Operation of remote unit 600 in accordance with the preferred 
5 embodiment of the present invention occurs as illustrated in FIG. 7. 

At step 701 transceiver 601 receives a dispatch system parameter message 
instructing remote unit 600 to operate in a slotted-mode operation utilizing a first 
maximum slot cycle. Next, at step 702, transceiver 601 receives a systems 
parameter message instructing remote unit 600 to operate in a slotted-mode 

10 operation utilizing a second maximum slot cycle. At step 703 logic circuitry 602 
determines a mode of operation. In particular, logic unit 602 determines if remote 
unit 600 will be operating in a dispatch mode or not. If, at step 703, it is 
determined that remote unit 600 will be operating in a first mode of operation 
(e.g., a dispatch mode) then the logic flow continues to step 704 where remote 

15 unit 600 operates utilizing the first maximum slot cycle, otherwise the logic flow 
continues to step 705 where remote unit 600 operates utilizing the second 
maximum slot cycle. In the preferred embodiment of the present invention when 
a remote unit is operating in both the dispatch mode, and a normal interconnect 
mode, both slot cycles will be utilized. Therefore, at step 706 it is determined if 

20 the remote unit will be operating in interconnect mode, and if so, the logic flow 
continues to step 705 where the first slot cycle is additionally used. 

While the invention has been particularly shown and described with 
reference to a particular embodiment, it will be understood by those skilled in the art 
that various changes in form and details may be made therein without departing 

25 from the spirit and scope of the invention. For example, although the above 
embodiments where described with the base station sending out a maximum slot 
size and the mobile unit choosing its own slot size (no greater than the maximum), 
in an alternate embodiment the base station may simply broadcast the slot size to be 
utilized by the mobile. It is intended that such changes come within the scope of the 

30 following claims. 



